Remarks 



This Preliminary Amendment cancels, without prejudice, claims 1-6 in the 
underlying PCT Application No. PCT/DE03/03296 and adds new claims 7-13. The 
new claims, inter alia , conform the claims to United States Patent and Trademark 
Office rules and do not add any new matter to the application. 

In accordance with 37 C.F.R. § 1.125(b), the Substitute Specification 
(including Abstract) contains no new matter. The amendments reflected in the 
Substitute Specification (including Abstract) are to conform the Specification and 
Abstract to United States Patent and Trademark Office rules or to correct 
informalities. As required by 37 C.F.R. §§ 1 .121(b)(3)(ii) and 1.125(c), a Marked- 
Up Version of the Substitute Specification comparing the Specification of record 
and the Substitute Specification also accompanies this Preliminary Amendment. 
Approval and entry of the Substitute Specification (including Abstract) are 
respectfully requested. 

The underlying PCT Application No. PCT/DE03/03296 includes an 
International Search Report, dated March 26, 2004, a copy of which is included. 
The Search Report includes a list of documents that were considered by the 
Examiner in the underlying PCT application. 

Applicants assert that the subject matter of the present application is new, 
non-obvious, and useful. Prompt consideration and allowance of the application 
are respectfully requested. 



Respectfully Submitted, 



KENYON & KENYON 





One Broadway 

New York, NY 10004 

(212) 425-7200 
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ELECTRICAL CONTACT 



Rolated A rt Field Of The Invention 

The present invention is based on an electrical contact, in particular an electrical 
contact of a plug connecto r, of th e typ e d e f i n e d mor e pr e c i s el y i n the g e n e r i c part of 
Cla i m 1.^ 

5 

Background Information 

Such a nA n electrical contact is known from described in U.S . Patent No . 5,892,424 
and represents an encapsulated point of contact of an electrical connection. The 
known electrical contact is made up of a substrate on which a contact layer is 

10 deposited to reinforce the wear resistance of the electrical contact. This contact 

layer has a matrix formed from a first element, which is doped by a second element. 
The matrix can be made up of an element selected from the group that includes Mo, 
Zr, Nb, Hf, Ta and W. The additional element may be an element selected from a 
group that includes Zn, Cd, Hg, Al, Ga, In, Tl, Ge, Sn, Pb, As, Sb and Bi. The 

15 additional element stabilizes the contact resistance of the electrical contact during an 
electrical switching operation. Furthermore, the additional element leads to an 
improvement in the wear resistance and the oxidation resistance of the electrical 
contact. The proportion of additional elements in the contact layer may amount to 
between 0.5 atom% and 50 atom%. 



The contact layer in the known electrical contact is applied according to a sputtering 
method, an ion-supported vapor-deposition method, an ion-plating method or a 
plasma CVD method. However, due to a required ultra-high vacuum, these methods 
are involved and not suited for the production of high quantities. 



Furthermore, the metals from which the contact layer of the known electrical contact 
is made, are expensive and therefore also not suitable for contacts that are required 
in large numbers. This applies especially to electrical contacts in motor vehicles, 
which are required in quantities of 1000 to 3000 pieces per motor vehicle. 



In practice, electrical contacts in the automotive sector often have a contact layer 
made of tin. This layer may be a hot-dipped or a galvanically deposited layer having 



20 



25 



30 



MARKED-UP VERSION OF SUBSTITUTE SPECIFICATION 




2 



a thickness of a few micrometers. Tin is characterized by its ductility as well as its 
excellent electrical conductivity. When using a tin contact layer, diffusion causes an 
intermediate layer to be formed at the boundary surface to the substrate, which 
normally is made of an alloy on copper basis such as CuSn4 bronze, CuNISi or the 
5 like, the intermediate layer consisting of intermetallic compounds such as CuSnS, 
Cu5Sn6. The intermediate layer is harder than the contact layer and may grow as a 
function of temperature. 

However, tin alloys or tin-alloy layers have the disadvantage that they tend to wear 
10 off due to their low hardness and the resulting low wear resistance during frequent 
plug-ins or due to vehicle- or engine-related vibrations, thereby causing increased 
oxidation - the so-called chafing corrosion. The erosion and/or chafing corrosion in 
turn may lead to malfunction of an electrical component of a motor vehicle assigned 
to the contact in question, for instance a sensor, a control unit or the like. 

15 

Another disadvantage of such tin layers is that, because of the high adhesion 
tendency and the plastic deformation of these contact layers, the plug forces are too 
high for many application cases. 

20 Also known from practice is a contact layer of an electrical contact made on the 
basis of tin - also referred to as thermo-tin which is completely made of 
intermetallic phases and produced by heat treatment. Abrasion tests have shown 
such contact layers to be of limited use too. 

25 In addition, AuCo alloys with a tin undercoat, silver layers with a copper undercoat or 
a tin undercoat or also gold layers are currently often used as contact layer in 
electrical contacts. 

Surface or contact layers on the basis of silver, in particular, but tin as well, exhibit a 
30 cold welding tendency due to adhesion and, when combined with each other, are 
characterized by high friction coefficients. 

Even with silver or gold layers currently used in electrical contacts, oxidative wear 
processes of the substrate or an intermediate layer - often made of copper or nickel 



MARKED-UP VERSION OF SUBSTITUTE SPECIFICATION 



3 



and used as an adhesion layer - may occur once the layer has eroded or chipping 
has occurred in the layer. 

Summary o f4he Of The Invention 
5 The electrical contact according to the present invention, which has a metallic 
substrate on which a contact layer in the form of a gradient layer is applied that is 
formed by at least two elements of which one is silver and forms a matrix for the 
second element or forms an alloy therewith, or of which one is tin and the other is 
phosphorus or of which one is indium and the other is tin, has the advantage that, as 
10 a result of the components used for the contact layer, their availability and their 

relatively low procurement costs, it constitutes a contact layer which is suitable also 
for electrical contacts required in high quantities. 

A gradient layer within the meaning of the present invention is to be understood as a 
15 contact layer in which the proportion of the two elements changes in the direction of 
the normal of the substrate plane. For instance, the tin proportion in a silver matrix or 
silver/tin alloy may decrease in the direction facing away from the substrate. The 
change in the element proportions of the contact layer may be linear, in which case a 
linear concentration gradient is present. As an alternative, however, it may also be a 
20 concentration gradient that varies according to a step function. The proportion of the 
one element in the contact layer basically may run the range between 0% and 100% 
in the gradient direction. 

The substrate is, for instance, a substrate conventionally used in plug-in connections 
25 in the automotive sector, for example an alloy on copper basis such as CuSn4 

bronze, CuNiSi or the like. As an alternative, a substrate made from an alloy on tin 
basis may be used as well. 

If one of the two elements in the electrical contact according to the present invention 
30 is silver, which forms a matrix for the second element or forms an alloy together with 
the second element, the second element or the additional element may be tin, gold 
or indium as well. 
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The gradient layer preferably has a thickness of approximately 1 pm to 3 pm, but 
may also be implemented at greater thicknesses. 

To improve the contacting between the electrical contact and its mating contact, the 
5 gradient layer may have a noble-metal cover layer, at least regionally. The noble- 
metal cover layer preferably is between 0.1 pm and 0,3 pm thick and thus constitutes 
a so-called "flash" layer. Au, Ru, Pt and/or Pd are especially suitable as noble metals 
for the flash layer. 

10 The contact layer is preferably produced according to a galvanic method or also 
according to a PVD (physical vapor deposition) method. 

Furth e r advantag e s a nd a dvantag e ous specif i c e mbod i m e nts of th e subj e ct matt e r 
accord i ng to the present invent i on result from tho descr i pt i on, tho draw i ng and the 
15 p a t e nt cla i ms. 

Brief Description e f-fe eOf The Drawing 

An ex e mplary e mbodim e nt of an ele ctrica l cont a ct a ccord i ng to th e pr e s e nt invention 
i s shown i n a sch e mat i ca ll y s i mplifi e d v e rs i on in the drawing and e luc i dated in 
20 gr e at e r d e t a il i n th e fo ll ow i n g de script ion. 

The singl e f i gur e Figure shows a section through an electrical contact according to 
the present invention. 

Detailed Description of th e Exemp l ary Embodiment 
25 The figufeFigure shows an electrical contact 1 , which represents a contact of a plug 
connector as it is used in an automobile. 

Electrical contact 1 includes a substrate 2, which is made of an alloy on copper basis 
such as CuSn4, CuNi2Si or the like. Substrate 2 has a thickness that is between 0.1 
30 mm and 0.5 mm. 

A contact layer 3, which is applied according to a galvanic method, is arranged on 
substrate 2 of electrical contact 1 . Contact layer 3 constitutes a silver/tin substance 
system, the silver and tin forming an alloy with one another. The tin concentration in 
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contact layer 3 decreases in an essentially linear fashion in the direction facing away 
from substrate 2, for instance from approximately 100 % to approximately 20%. 
Contact layer 3 thus forms a gradient layer. 

5 The thickness of contact layer 3 is in a range between approximately 1 [}m and 3 pm. 

Arranged on the upper surface of contact layer 3 is a so-called gold flashing or 
"flash" gilding having a thickness of approximately 0.2 pm, which is configured as 
cover layer 4. 

0 

In an alternative specific embodiment of an electrical contact, the gradient points in 
the opposite direction, so that the tin concentration in the contact layer increases in 
the substrate direction and the highest silver concentration therefore is present on 
the surface of the contact layer or gradient layer. 
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Summar vA bstract Of The Disclosure 
An o l ectrical contact i s provided , especially an electrical contact of a plug connector, 
tovtfHa includes a metallic substrate (2)-on which a contact layer {^is applied in the 
fornn of a gradient layer. The gradient layer-(^ is fonmed by at least two elements of 
5 which one is silver and forms a matrix for the second element or forms an alloy 
therewith, or of which one Is tin and the other is phosphorus or of which one is 
indium and the other is tin. 
(Figure) 
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